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Introduction

Complexity and primary care
Complexity science is the generic title for the study of systems whose properties and behaviours arise primarily from the interactions between their individual elements rather than the elements themselves. Complex systems have been observed in a very wide range of settings, from animal biology and ecology, to forest fires traffic jams and the spread of infectious disease. 1 Because the behaviour of the system as a whole results from the interacting individuals within it, patterns across the system can appear unpredictable. For instance power supply networks (which depend on redistribution of load between interconnected substations) usually adapt well to minor failures in the grid but occasionally a small incident can set off a cascade which overwhelms the system and causes huge areas to lose power. Retrospective analysis of large events typically fails to show any recurring characteristic of their location or timing. Nonetheless at the level of the system, typical statistical properties can be detected. 2 Enthusiasm for these ideas from systems theory has led to suggestions that the properties of complex systems might apply to primary care. 3 It seems plausible that the large scale patterns seen across primary care as a whole, such as consulting or prescribing distributions, might reflect a complex system. Moreover, the health system is notorious for responding unpredictably to interventions for change. Hospital waiting lists appear to behave as such a complex system. 4 Patients are known to consult their GP at widely differing rates, only partly explained by differences between individuals in illness, concern about symptoms, and socio-economic factors. [5] [6] [7] The healthcare system itself influences consultation through accessibility, feedback and cost, while patients' behaviour is influenced by past consultation patterns 7, 8 and their sense of what is appropriate and fair. 9 The multiple interactions and feedback between individual patients and practitioners, and the healthcare and social systems they comprise, meets the requirements for a theoretical complex system.
Statistical characteristics of complex systems
Analysis of complex systems has identified a characteristic statistical property of complex systems, namely the power law distribution, 1, 10 which relates the magnitude of some value to the frequency of its occurrence within the system. For instance in the case of power networks, the frequency distribution of failures by number of consumers affected shows a characteristic distribution with the great majority of events being very small, but a consistent relationship between frequency and magnitude.
In a power law distribution, the probability p of an event (in this case an episode of illness requiring a particular number of healthcare consultations n) is inversely related to its magnitude n raised to a constant power a, represented as p ∝ 1/n a . When plotted on a logarithmic scale, power law distributions form a characteristic straight line with the slope corresponding to the exponent a from the above equation. In addition to suggesting the presence of a complex system, two other features make power law distributions notable in the context of healthcare. Firstly the shape of the distribution is consistent across the entire dataset, suggesting that a common mechanism underlies the effect under study across the range of the data. Secondly, extremely large events (in the case of our hypothesis very high numbers of consultations), while still rare, occur much more frequently in a power law distribution than is the case with an exponential or normal distribution.
We hypothesised that if primary health care constitutes a complex system it should be possible to observe a power law in the distribution of consultation activity. We analysed two datasets: a primary analysis of national data comprising a consecutive series of all patient consultation episodes for back pain beginning in one year, to examine the distributions of duration and number of GP consultations per episode, and a secondary analysis of published consultation rates for patients of four UK general practices. 11 We expected that the duration of episodes of illness would be largely determined by factors operating at the level of the individual (such as illness severity and personal obstacles to recovery) but that the number of consultations would be heavily influenced by the system comprising patients, healthcare providers and their respective cultures and social networks and so would show a power law.
Methods
Primary data analysis, New Zealand national back pain data
The Accident Compensation Corporation (ACC) is the statutory funder of accident related health services for the whole of New Zealand. Unlike commercial insurance systems, ACC fund all accident related treatment on a no-fault basis, and without regard to whether lump sum compensation is paid to the injured party. The organisation therefore collects payment data for every item of accident related care in the country, regardless of age, sex or workforce status and includes even minor accidental injuries and strains.
We analysed all episodes of back pain in the New Zealand national accident insurance database which were initiated during 1998. The data included a measure of the number of GP consultations funded under each episode of care and whether the patient had been referred for radiology, physiotherapy or a specialist opinion. Data was stored in Microsoft Access and Excel. Analysis was carried out with these and with custom scripts written in the Python computing language.
For each episode of back pain we estimated the duration, as the time between the first consultation and closure of the claim, and the number of consultations. We then derived frequency distributions for both duration and number of consultations per episode. Data were binned in increasingly spaced groups derived from rounding to the nearest integer of the series ( ͙ 2) 1 , ( ͙ 2) 2 . . . ( ͙ 2) n then converted to logarithms. The resulting data series was plotted and the slope of the regression line and its correlation coefficient r 2 were calculated. The results were tested for sensitivity to different binning schemes. A similar process was carried out for episode duration (measured in weeks and including uncompleted weeks).
The analysis was carried out on the full dataset and by subgroups of patient age and sex. We also used two proxies for episode severity to test their influence on the consultation distribution: whether the episode was managed entirely within primary care or referred and whether the episode resulted in paid time off work.
Secondary analysis of four practice consultation data
To test whether our observations could be replicated in another dataset we took the published data of Neal and colleagues describing consultation rates for four UK general practices. 11 This dataset referred to all consultations of 44 146 patients in four practices over a period of 41 months, and was originally a study of the distribution of attendance frequency in UK general practice. We binned the published frequency data into 10 groups by the number of consultations per patient and plots of log(consultations per patient) versus log(number of patients) made for each practice and for the pooled data.
Results
New Zealand national back pain data
The dataset contained 148 514 entries. 6564 (4.4%) had insufficient data to calculate duration of claim and number of consultations so were discarded leaving 142 050 episodes of back pain for which at least one GP consultation had been made. 787 episodes of care were still active at the time of data collection in July 2001 but are included in the analysis. The effect of these episodes of care is to make some data points underestimate the number of consultations per claim. These represent 0.55% of the total dataset. Analysis with the 787 episodes excluded made a negligible difference to the results.
Of the 142 050 episodes of back pain, 92 617 (65.2%) involved only a single consultation; 25 084 (17.7%) involved two; 17 533 (12.3%) episodes had three to five consultations; 4717 (3.3%) had six to ten; 1698 (1.2%) had 11 to 20; and 401 (0.3%) had more than 20. Two episodes were for over 90 consultations with the GP. 79 274 (55.7%) episodes were referred outwith the GP surgery: 68 967 to physiotherapy; 22 268 to radiology; 6832 to a hospital specialist and 1492 seen by the GP emergency service).
The consultation count data showed a linear relationship between log(consultations per episode) and log(count of episodes) with slope Ϫ2.15 (r 2 = 0.96, P Ͻ 0.001) characteristic of a power law relationship. In contrast the episode duration data yielded a skewed gaussian curve which did not fit a power law distribution. Figure 1 shows the distributions of consultation count and duration in both natural (a) and log (b) format. Figure 2 shows that the power law relationship was clearly demonstrated in all subgroups apart from patients who were unable to work. Table 1 contains the results of the subgroup analysis.
Episode duration and consultation count were loosely correlated (r 2 = 0.24). When episodes with outlying consultation frequencies were excluded (less than one consultation per 120 days) this correlation became stronger (r 2 = 0.55). Figure 3 shows the individual distributions for the four individual practices and for the pooled data. The correlation coefficient r 2 for the pooled data was 0.91, with individual practices ranged between 0.88 and 0.93.
UK practice data
Discussion
Summary of key findings
The data for consultations per episode of back pain showed an excellent fit with the hypothesised power law distribution; in contrast, the distribution of episode duration did not fit the power law. The UK data for consultations per patient fitted less well, but still 
FIGURE 1 Distribution of duration and number of consultations for low back pain shown with conventional (a) and logarithmic (b) axes
approximated to a power law distribution. These results are in keeping with our hypothesis that consultation patterns of individuals generate properties at the level of the healthcare system, as predicted from the theory of complex systems 1, 12 while the duration of each back pain episode was not a function of complex interactions.
Strengths and limitations of the study
The study addresses the knowledge gap between the theory of complex systems and its increasing application in healthcare management. As one property of complex systems is that they can only be fully understood as a whole, the study design runs the risk of artefact due to measuring only one aspect. We addressed that in three ways, by using large and complete samples, by including a measure we predicted would not have a power law distribution (back pain duration), and by corroborating our primary analysis with a secondary analysis of a published dataset. The unusual nature of the New Zealand ACC, in which GPs are funded on a fee per consultation basis, means that the organisation's data on GP consultations can be easily linked to a specific episode of accident related care covered by the scheme. In the case of musculo-skeletal problems such as back pain, ACC funding covers the medical costs of any episode where there is an acute onset due to an external cause (for instance acute lumbar pain brought on by lifting one's own furniture would be eligible) and in effect represents all non-pathological back pain.
We considered a number of sources of error in the back pain dataset by excluding incomplete data and testing for the effect of outlying data. We identified 11 989 (8.4%) episodes which averaged less than one GP consultation for every four months of the episode. Of these 7211 had been referred to specialists or physiotherapists and were assumed to be receiving continuing treatment under their care; the remaining 4778 (3.3%) probably represented late completion of claims; these data were retained in the analysis for completeness but recalculation of distributions after their exclusion did not significantly alter the results. 102 (0.07%) episodes involving consultation more often than once every three days were identified, exclusion of these did not significantly change the results.
Both authors analysed the data independently using different methods and software. To reduce bias due to categorisation, we tested a variety of scales for data binning, to find a series which gave sufficient integers of increasing separation within the range of values. Although the r 2 and slope of the power law distribution varied slightly according to choice of categorisation (by less than 5% and 10% of presented values respectively) the overall pattern was unchanged.
The New Zealand data is collected within the context of a rather unusual primary care funding system which could limit the generalisability of the findings, although we have tried to address this by using UK data to compare the results. It is possible that, in our primary dataset, some of the episodes of back pain represented injuries which included additional factors such as legal compensation to prolong the case. The unique no-fault scheme by which ACC insurance operates minimises this effect. Payment to patients of earnings related compensation when back pain prevented them working could provide an incentive to keep returning to the GP, FIGURE 2 Log plots from New Zealand back pain dataset thereby distorting the consultation patterns observed under this unusual funding scheme. However such earnings related compensation was paid in only 4.8% of the episodes of care in our dataset, so any distorting effects are likely to be small.
While the data on back pain was for episodes of a single condition, that from Neal and colleagues included consultations for any reason, including planned follow up of chronic conditions, health promotion, antenatal care and, in some practices nurse and health visitor contacts. Although we assumed the back pain consultations to be primarily patient-led, it is likely that the managed care aspects of general practice, with planned recall for both illness management and health promotion, will have constrained the natural consultation pattern in the UK practice data. We suggest that this explains why the our second data set fits less well to a power law distribution.
Interpretation in the context of existing evidence
There have only been two published demonstrations of the power law distribution in healthcare, both relating to outpatient waiting lists. Nevertheless, power laws have been observed in a wide range of other natural and social settings and can be generated by simulations of complex systems. We suggest that the demonstration of the power law in two separate sets of consultation data provides new evidence to support the notion of primary care as a complex system.
Our analyses add further weight to the argument, supported by the original authors of the UK practice data, that so called 'frequent attenders' are not a discrete group of healthcare users. 11 The consistency of the power law distribution across a wide range of consultation behaviour suggests common processes underlying the decision to consult among both high and low consulters. This finding implies that interventions which are intended to manage the distribution of consulting resource across the distribution of patients are a priori more likely to be effective if planned across the whole system of consulting patients, rather than targeted at isolated patient groups. 
FIGURE 3 Log plots from UK consultation dataset
General practice as a complex system
Implications for research and practice
This study provides the first evidence that, particularly for symptom driven consultations, family practice behaves as a complex adaptive system. This has implications for attempts to understand and shape healthcare. Currently models of consultation rate are based on distributions of predictor variables among independent individuals in a population. Our data suggest that while illness episode duration is distributed at an individual level, use of healthcare is not. Instead, the complex system, comprising patients and their primary healthcare providers, itself strongly influences its own consultation rates. Such self-organising behaviour is characterised, in experimental models, by an unpredictability in response to stimuli for change. These systems usually respond to change by reconfiguring close to the original state, but occasionally transform: the size of the change often bearing no clear relationship to its trigger. In practical terms, effort to change one part of a system, for instance attempting to address only high users of healthcare, is unlikely to effect long term change as the system will tend to adjust to restore the original distribution. This form of stability has been observed in a number of complex systems including forest fires and traffic flows. 1 More generally, the finding that general practice consultations are a complex system, has broader implications for health services management, particularly in light of the previous observation of power laws in secondary care waiting lists. 4 At a time when access to primary care in the UK is undergoing major changes and when reductive performance measures are an increasingly common feature of primary care management structures, this study suggests that caution should be exercised in introducing measures which do not recognise the complex nature of primary care, and of health systems more generally.
Conclusion
This is the first study to demonstrate a power law distribution in GP consultation data which is independent of patient characteristics. If consultation patterns in general practice are emergent properties of a selfregulating complex system, then future models for understanding primary healthcare systems need to be capable of explaining this behaviour.
